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Abstract
Preliminary hadronic and leptonic cross sections and leptonic asymmetry measurements




collisions at 161 GeV and 172 GeV are reported. The
data samples correspond to integrated luminosities of 11.08 pb
 1
at 161 GeV and 10.65 pb
 1
at
172 GeV. Results are given including and excluding the radiative Z
0
contribution. The mea-
surements agree well with Standard Model expectations. They are interpreted in terms of four
fermion contact interactions, with limits upon the energy scale of such processes being derived
under various hypotheses. Limits are also placed on the t-channel exchange of new heavy scalar
particles, such as leptoquarks or squarks with R-parity violation.
Submitted to 1997 EPS-HEP conference, Jerusalem.
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1 Introduction
The successful increase of the LEP centre-of-mass energy up to 161 GeV and 172 GeV
during the summer and fall of 1996 allows for tests of the Standard Model (SM) at
energies so far unexplored. Any signicant deviation of these measurements from the SM
predictions will point to some kind of new physics, or alternatively, the agreement with
the SM predictions can be used to put limits on potential new contributions.













s=161.3 GeV and 172.2 GeV, respectively. The hadronic
and leptonic event selections follow the procedure already described in [1]. Therefore,
only a brief description of them is given below.
Section 2 describes the variables used in dening the cross sections and asymmetries,
whilst in Section 3 details of the various Monte Carlo (MC) and data samples used in the
analysis are given. The preliminary results for the total cross section measurements and
the leptonic forward backward asymmetries are given in Section 4 and Section 5.
The results obtained allow one to constrain possible extensions to the Standard Model.
In Section 6 limits on four-fermion contact interactions are given, and in Section 7 limits
are placed upon scalar leptoquarks.
2 Variable denitions

















is dened as the Q
2
of the
Z- propagator, neglecting the ISR/FSR interference contribution, whilst the variable s


































are the angles of the nal state fermions f and

f measured with
respect to the direction of the incoming e
 
beam or with respect to the direction of the
photon radiated in the initial state if it is seen in the apparatus. The fermion ight
directions are determined in electron and muon pair events simply from the direction of
the reconstructed tracks, in tau pair events from the jet reconstructed from the visible tau
decay products, and in hadronic events from the jets formed when forcing events into two
jets after removing the radiated photon if it is detected in the apparatus. The dilepton




















































The above parametrization of the dierential cross section predicts unphysical, negative
cross sections if A
FB
> 0:75, so it has not been used to evaluate the dilepton asymmetries,
since they are expected to lie close to this limit. The asymmetries have instead been
determined by simply counting the number of dilepton events with the negatively charged
lepton in the forward/backward hemispheres, within the angular range j cos 

j < 0:9.
3 Data and simulated samples
The ALEPH detector, its trigger and data acquisition system are fully described else-
where [2]. The data used were recorded at
p
s=161.3, 170.0 and 172.3 GeV, The mean
energy of the two higher energy samples, which are analysed together, is 172.09 GeV.
A description of the ALEPH luminosity measurement procedure can be found elsewhere
[2]. The luminosities obtained are 11:08 0:08 pb
 1
at 161:3 GeV and 10:65 0:08 pb
 1
at 172:09 GeV. The systematic errors on the luminosity measurement are assumed to be
fully correlated between the two energy points. A breakdown of the contributions to the
systematic error can be found in Table 4.
To determine eciency and backgrounds for channels where they cannot be determined
from the data themselves, the following Monte Carlo samples have been used :
 for hadronic processes: hadronic events are generated with the PYTHIA [3] and
KORALZ [4] Monte Carlo programs. The expected background from two-photon
interactions is generated using PYTHIA, PHOJET [5] and HERWIG [6]. The back-
ground from W pair production is simulated using KORALW [7] and EXCALIBUR




and We processes is simulated using PYTHIA.
 for leptonic processes: Bhabha events are simulated with the UNIBAB [9] generator
using a cut of j cos 

j < 0:985 applied at generator level. The muon and tau pair












are modelled with PHOJET using two generator-level cuts : the dilepton invariant
mass is required to be larger than 3.5 GeV (at both energy points) and the trans-
verse momentum of each lepton has to be larger than 0.20 GeV/c at 161 GeV and




!WW the generator used is
KORALW (CC03 diagrams only) with an input W mass of 80.25 GeV.
4 Cross section determination
A track preselection is performed for all channels. Only tracks with at least four hits
in the Time Projection Chamber (TPC), with impact parameters of j d
0
j < 2 cm and
j z
0
j < 10 cm, and with momentum p > 0:1 GeV/c are used. A cut on the polar angle,
j cos j < 0:95, ensures that at least 6 TPC pad rows are crossed.
4.1 Hadronic cross section
Hadronic events are selected requiring at least 5 tracks in the event together with a visible
mass (M
vis
) above 50 GeV, the visible mass being calculated from charged and neutral
energy seen in the apparatus at polar angles above 8 degrees. As shown in Fig. 1, the
two-photon contribution barely survives this preselection.
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Figure 1: Ratio of visible mass to the nominal beam energy at 161 GeV and 172 GeV
centre-of-mass energy. The data are shown as full dots, the  (W pair) background is
indicated as light (dark) shaded histogram, and the full line repesents the sum of the
expected backgrounds and the fermion pair contribution.
Photons from hard ISR events are tagged in the detector and removed from the vis-











=s distributions at 161 GeV and
172 GeV are shown in Fig. 2, together with the expected backgrounds. At high energy
an important background source is W pair production. Its expected cross section is es-
timated using the GENTLE program[10] together with the W mass determination from
the CDF/D0 experiments, M
W
= 80:37 0:10 GeV [11], yielding 
CC03
WW
= 3:73 0:19 pb
at 161:3 GeV and 
CC03
WW
= 12:34 0:10 pb at 172:1 GeV.
Other four-fermion processes as well as ISR/FSR interference eects are estimated
using dedicated Monte Carlo programs. An error of 0:8% at 172 GeV takes into account
the uncertainties in the contribution of these processes.
The selection eciencies and backgrounds are given in Table 1. The cross sections
are presented in Table 2, whilst Tables 3 and 4 summarize the systematic errors on these
cross sections, indicating which are correlated between the two energy points. Sucient
information is also given to allow one to average with other LEP experiments, properly
taking into account the correlation between the dierent experimental results.
The main systematic uncertainties on these measurements come from:
 The uncertainty upon the energy-scale, determined by varying the dierent com-
ponents of the visible energy according to the experimental uncertainties on the
calibration of the various sub-detectors.





Carlo generators were used and the photon distribution tuned on the data themselves














=s distribution for 161 and 172 GeV centre-of-mass energy. The data
points are compared to the expected distribution (full line) for hadronic events. The
shaded histogram indicates the expected background from , W pair and four-fermion
processes.





> 0:9 and hence contribute to
the exclusive selection. As such events have a visible mass close to the Z mass, the
systematic error related to the simulation of this process is obtained from a compar-




s. Since it is dominated by
the Monte Carlo statistics, it is assumed to be uncorrelated between the two energy
points.
.
4.2 Dilepton cross section
The dilepton selection follows the procedure described in [1]. Eciencies and backgrounds






distributions are displayed in Fig. 3 for the dimuon and in Fig. 4 for the tau pair channel.
For each process, the uncertainties on the quoted eciencies take into account eects from











. The uncertainty on this contribution is determined by measuring the





channel excludes identied dimuon and dielectron candidates. Nonethe-
less, the dielectron background survives at a level of several percent. For the





. The corresponding systematic error is estimated by measuring the
event rate in the low ditau mass range where this contribution dominates.
 The main systematic error in the electron pair channel comes from the evaluation
of initial state multiphoton radiation . In this channel, the t-channel exchange
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Eciency(%) Background (%)














56.2  1.4 10.41.7
























72.4  1.9 10.92.6














57.6  1.4 14.02.1
























75.0  2.0 13.82.9




in the nal state,
the eciency is calculated for (1) -0.9 < cos 










=s distributions for 160 and 172 GeV centre-of-mass energy for the muon
sample. Shown are the data (full dots) together with the expected signal (white histogram)
and background contribution (shaded histogram).
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events  (pb) S.M. predictions (pb)













82 11.7 1.4 0.4 11.16























46 5.11 0.80 0.20 4.51













63 9.0 1.2 0.3 9.49























32 3.51 0.66 0.14 3.87
Table 2: Cross sections with statistical and systematic errors for dierent channels at





state, the cross section is calculated for (1) -0.9 < cos 

<0.9 and (2) -0.9 < cos 

<0.7.







=s distributions for 160 and 172 GeV centre-of-mass energy for the tau
sample. Shown are the data (full dots) together with the expected signal (white histogram)
and background contribution (shaded histogram).
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Table 3: Percentage systematic errors on the measured cross sections for the various
difermion processes. For dielectrons, systematics related to  0:9 < cos 

< 0:9 (a) and
to  0:9 < cos 

< 0:7 (b) are quoted separately. Errors coming from the luminosity
measurement are not included. These are given in Table 4. The errors quoted on the
qq cross section include a contribution of 1.1% (0.9%) at 161 (172) GeV from the WW
background, which is correlated between the LEP experiments.
161 GeV 172 GeV
(%) (%)
Luminosity Statistical 0.39 0.43
Experimental 0.46 0.45
Theoretical 0.25 0.25
LEP energy 0.25 0.25
Table 4: Percentage systematic errors on the measured cross sections for the various
difermion processes coming from the the luminosity measurement. The theoretical and
LEP energy errors on the luminosity introduce a correlation with other LEP experiments.
dominates the asymmetry measurement. For the cross section determinations, only
the exclusive selection is made and, contrary to what was done at the Z, the t-channel
contribution is not subtracted. The event distribution as a function of cos 

of the
outgoing electron is displayed in Fig. 5 together with the Monte Carlo expectations.
The cross section measurements for the dilepton channels are summarized in Table 2.
For all dilepton selections the eect on the cross section of the ISR/FSR interference is
evaluated using various Monte Carlo generators and is estimated to be 1%. All cross
section results, including earlier measurements, are summarized in Fig. 6 and compared
to Standard Model expectations.
8
Figure 5: cos 

distribution at 160 and 172 GeV centre-of-mass energy for the dielectron
sample. The data (full dots) are compared to the Monte Carlo expectation (histogram).
Figure 6: Cross section measurements from ALEPH for all fermion species at centre-of-
mass energies of 161 and 172 GeV. Results from LEP1 and the intermediate energy run
are also shown, together with Standard Model predictions.
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5 Asymmetry measurement for muon and tau pairs
The forward-backward asymmetries are calculated from the cos 

distribution of the
dimuons or ditaus, using a counting method. These distributions are shown in Figs. 7
and 8 and the results are summarized in Table 5. No asymmetries are given for the
dielectron channel since it is dominated by the t-channel exchange.
Figure 7: cos 

distribution for dimuons events at 161 GeV and 172 GeV centre-of-mass
energy. The number of selected dimuon events (dots) is shown together with the Monte
Carlo expectation (full line). The background contribution is indicated by the shaded
histogram.
Monte Carlo events are used to correct the measured asymmetries for the angular
acceptance bias. The systematic error due to charge misidentication is negligible (0.03%).
The eect on the asymmetry of the ISR/FSR interference is estimated to be of the order of
0.4%. The values of the asymmetries are reported in Table 5, together with their statistical
and systematic errors. The systematic errors also include the error on the acceptance
correction which, in the present case, is dominated by the Monte Carlo statistics.
6 Limits on Four-Fermion Contact Interactions
The LEP measurements of cross sections and angular distributions for electron-positron
annihilation into fermion pairs at centre-of-mass energies of 161 and 172 GeV provide
a means of searching for contributions from new physics beyond the Standard Model
(SM). A very convenient parametrization of such eects is given by the addition of four-
fermion contact interactions [12] to the known SM processes. Such contact interactions are
characterized by an energy scale , which can be interpreted as the mass of a new heavy
particle exchanged between the incoming and outgoing fermion pairs, and a coupling g
giving the strength of the interaction. They are, for example, expected to occur if fermions
are composite. Analyses of contact interactions have already been published in the past
[13], and recently preliminary results from CDF [14] and OPAL [15] have been presented.
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Figure 8: cos 

distribution of ditau events at 161 GeV and 172 GeV centre-of-mass
energy. The number of selected ditau events (dots) is shown together with the Monte
































0.57  0.18  0.02







Following the notation of Ref. [16], the eective Lagrangian for the four-fermion con-







































) are the left- and right-handed
chirality projections of electron (fermion) spinors, and  is the energy scale of the contact
interaction. The coecients 
ij
, which take a value between  1 and +1, indicate the
relative contribution of the dierent chirality combinations to the Lagrangian. The sign
of 
sign
= 1 decides whether the contact interaction interferes constructively or destruc-
tively with the SM amplitude. In this analysis, several dierent models are considered,




given in Table 6. Limits from atomic
studies of parity violation, already strongly constrain models which do not conserve par-
ity. This is the main motivation to introduce the last two kind of models in Table 6,













1 1 0 0 0
RR

1 0 1 0 0
VV

1 1 1 1 1
AA

1 1 1  1  1
LR

1 0 0 1 0
RL

1 0 0 0 1
LL+RR

1 1 1 0 0
LR+RL

1 0 0 1 1
Table 6: Four-fermion interaction models.





function of the polar angle  of the outgoing fermion with respect to the e
 
beam line
























































, and ZFITTER [18] for muons, taus or quarks in the nal state. For the interfer-
ence (IF) and pure contact interaction (CI) part, the ratio with the SM cross section is
calculated using the improved Born approximation (IB). The corresponding Born level
formulae can be found in Ref. [16]. Since for the contact interactions no higher order
calculations are available, the ratios are taken to allow for a partial cancellation of higher




include corrections for the eects of initial
12
state photon radiation evaluated according to Ref. [19]. If the contact interaction is as-
sumed to be avour independent, then the individual contributions from the ve avours
u,d,s,c,b have to be added. However, one can also consider the hypothesis that the contact
interaction only couples to up- or down-quarks. In general for hadronic nal states, only
the integrated cross sections at each centre-of-mass energy have been analyzed.
The above predictions are tted to the data using a binned maximum likelihood



































The likelihood is obtained from the product over energy bins i and, in the case of the
leptonic channels, also over angular bins k, of the Poisson probability P to observe N
DA
ik







represents the error from the-
oretical and experimental uncertainties which is (un)-correlated between the two centre-





are assumed to be distributed according to
Gaussian probability distributions G with zero mean and unit standard deviation. They
are tted together with the parameter . The systematic errors from the cross section and
luminosity measurements have been described in the previous sections. The uncertainties
of the theoretical predictions are of the order of 3% for Bhabha scattering and 1% for the
other channels. The t range in the angular distribution is chosen to be 0:9 < cos  < 0:9
in the Bhabha case and  1 < cos  < 1 for the remaining leptonic channels.
Because of the quadratic dependence of the theoretical cross sections upon , the like-
lihood function can have two maxima. Therefore the central value of  and its asymmetric
errors 



















































are chosen which maximize the
likelihood. The results for leptonic nal states are listed in Table 7, whereas in Table 8
the results for hadronic nal states can be found. There also, the values of a combined
t to leptons and hadrons are given.
The results are summarized in Figs. 9 and 10. Although all the physics content
is described by the well dened parameter , it is conventional to extract limits on the
energy scale , assuming g
2
= 4. The 95% C.L. limits 

95














































It is worth noting that via these measurements, it is actually the ratio =g which is
constrained. Results for the limits on the energy scale are listed in Tables 7 and 8.
The limits obtained are often improved with respect to previous publications since
the sensitivity to contact interactions increases with rising centre-of-mass energy. The






























































































































































































































































































































Table 8: Results of contact interaction ts to quarks and quarks plus leptons. The results
presented in the f

f part of the table assume that the contact interaction couples to all
the outgoing fermions types equally.
15
the interference between the SM t-channel and the contact interaction amplitudes. The
excess of events at high Q
2
at HERA [20, 21] has also been interpreted [22, 23] as being




such an interpretation less likely.
7 Limits on leptoquark couplings
Motivated by the excess of high Q
2
events observed at HERA [20, 21], which could be
explained by the s-channel exchange of a leptoquark [22], a search for virtual eects
induced by leptoquarks on the total hadronic cross section at LEP is performed using
ALEPH measurements.






gauge invariance and fermion
number (F=3B+L) conservation leaves 10 dierent types of leptoquark, diering by their
spin S (vector or scalar), fermion number F, isospin I and hypercharge Y. Each of them is
further characterized by a coupling  and a mass M
LQ
[24]. In particular, it is possible to
accomodate in this framework squarks with R-parity violating couplings which, according
to phenomenological analyses [22], are among the least constrained candidates capable of
explaining the HERA ndings.
The signature at LEP would be a modication of the dierential cross section for qq
production due to an additional term corresponding to the exchange of the leptoquark in

































is the Standard Model (; Z) s-channel contribution, the term 
I
represents the
interference between the s-channel processes and the new t-channel leptoquark process,
while 
LQ





on S, F, I and Y of the chosen leptoquark. The resulting angular distribution would be
sizably modied by the new terms, but in order to completely exploit this fact one would
need to distinguish between quark and antiquark. Once the absolute value of cos  is
taken, the resulting distribution is not very dierent from the one given by the Standard
Model.
Therefore the most obvious consequence of the new terms is a modication of the total
hadronic cross section. The analysis presented here uses the cross section measurements
at 161 and 172 GeV presented above, together with those at 130-136 GeV from Ref. [1].
A 
2



























are, respectively, the theoretical cross section including the
leptoquark contribution, the measured cross section and the total error on the measured
cross section, and the subscript i runs over the 4 centre-of-mass energies. Eq. (13) is valid
assuming that the introduction of the non-SM terms does not modify the eciency of
the hadronic selection. This is checked for various points in the (M
LQ
,) plane using a
dedicated Monte Carlo simulation.
16
Figure 9: Results for the parameter  for dierent models and nal states.
17
Figure 10: Results for the parameter  for dierent models and nal states.
18
Figure 11: Excluded regions at 95% CL in the mass-coupling plane for scalar leptoquarks:
upper part up-type coupling (F= 0, I= 1=2, Y= 7=3), lower part down-type coupling
(F= 0, I= 1=2, Y= 1=3). The values required to explain the HERA excess are also shown
in two specic cases, a R-parity violating 
0
123





t, and a R-parity violating 
0
111






The theoretical prediction 
theory
is obtained in the following way. The Born cross
section is taken from Ref. [25], and cross checked with other calculations [26]. Initial
state radiation eects at second order in 
QED
have been included using the REMT1
package [27]. Further corrections (e.g. nal state radiation, QCD correction, initial-nal
state radiation interference) have been assumed to factorize with respect to the Standard








































is a precise Standard Model prediction obtained with ZFITTER [18]. A relative
systematic error of 1%, reecting the present precision of this calculation, is taken into
account in the t.
The 
2
dened above is minimized with respect to jj for a xed value of M
LQ
, and
one-sided 95% CL limits are set by nding the jj value which increases the minimum 
2
by 3.84.
As an example, the excluded region in the plane (M
LQ
; jj) is shown in Fig. 11 for scalar
leptoquarks with up-type coupling (F= 0, I= 1=2, Y= 7=3) and down-type coupling (F=
0, I= 1=2, Y= 1=3). These two models have been chosen because they are theoretically
the most interesting and are not yet excluded experimentally [22]. The values needed






















The total hadronic and leptonic cross sections and the leptonic forward-backward asym-




at the centre-of-mass energies of 161 and 172 GeV, respectively, collected by the ALEPH
detector. Nice agreement with the SM predictions is observed.
The limits obtained by ALEPH on the energy scale  , which parametrizes possible
deviations from the SM represented in terms of four-fermion contact interactions, lie in
the interval from 1 TeV to 9 TeV, depending on the model considered. The excess of
events at high Q
2
observed at HERA is less likely explained by a contact interaction in
view of these results.
Motivated by this excess of events at HERA, ALEPH has explicitly studied the pos-
sibility that a leptoquark could contribute to the total measured hadronic cross section.
Explicit limits in the mass-coupling plane are obtained for scalar leptoquarks. However,
these do not yet exclude this interpretation of the HERA events.
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